susceptible to A. besseyi (Popova et al., 1994) .
Resistance to A. besseyi is said to be genetically controlled and carried by the Japanese cultivar Asahi (Nishizawa, 1953) , and resistance is one of the best control methods for this nematode. It is important that genetic materials are tested with nematodes. The aim of this study was to determine the levels of A. besseyi infestation and its effects on yield components in selected rice cultivars.
Materials and methods

Selection of cultivars used in the experiments
Forty-one cultivars used in varietal reaction studies were selected. Bluebonnet (IRGC-Acc. No. 1799) and Nira 43 (IRGC-Acc. No. 1932 ) from the United States, Rinaldo Bersani (IRGC-Acc. No. 9468) from Italy, and Asahi (IRGC-Acc. No. 33983) from Japan were used as resistant controls in this experiment. These control varieties were kindly provided by the International Rice Genebank Collection (IRGC) in the Philippines. These rice cultivars have been used in varietal reaction experiments. Nearly all of the rice cultivars used in the experiments belong to the Japonica variety, except for the Bluebonnet, Nira-43, and Aromatik-1 cultivars, which are of the Indica variety.
Arrangement of experimental design
The experiments were conducted at the Thrace Agricultural Research Institute in Edirne, Turkey. All varieties used in the experiments were sown in the middle of May for all experiments. The varietal reaction studies were performed as two separate experiments.
Determination of white tip ratio (%) in cultivars
The seeds of all varieties used in the experiments were sown by hand in a dry field in a completely randomized block design with 3 replications, with 1 row as 1 m and a space between the rows of 30 cm, with 100 seeds in each row. The seed beds were then watered. To test the cultivars, the seeds were obtained from infected panicles from the previous year. In addition, infected susceptible Beşer cultivar (468 A. besseyi 100 seeds -1 ) was planted in the spaces between the blocks and rows as a spreader. The plants in each row were reaped during the flowering stage, and the ratios of plants (%) with symptoms of white tip in the flag leaf were determined.
On the tillers of the affected plants, the tips of the leaves whiten for a distance of 3 to 5 cm and then die off and shred (Figure 1 ). The panicles are shorter and often atrophied at the tips. The fertile flowers sometimes produce misshapen grains with low germination potential and delayed date of maximum germination.
Determination of decrease (%) of yield components
The experiments were conducted as split plots in a completely randomized block design with 3 replications, including the treatments (infected plot and uninfected control) as the main plot and cultivars (41 cultivars) as the subplots. The plants were assessed for nematode resistance under field conditions in 2012. Plant seeds were sowed as follows: 3 replications; 1 row is 1 m; the space between rows is 30 cm; there are 100 seeds in each row.
Treatment 1: For each cultivar, seeds produced the previous year that were infected with A. besseyi were used. In addition, the infected Beşer cultivar (468 A. besseyi 100 seeds -1 ) was planted in spaces between the blocks and lines as a spreader in the experiments. Additionally, 5000 nematodes per square meter were applied 10 days after germination. A. besseyi individuals were sprayed onto waterfilled rice plots. The average panicle weight (g panicle -1
) and average grain number per panicle were determined by collecting 10 panicles from each row at harvest, both having white tip symptoms present and without symptoms on flag leaves. Yield losses were determined according to grain weight loss as a percentage and grain number decrease as a percentage compared with the values in uninfected plots. Nematode analysis was performed on the grains from the bulk (mixture) of the panicles with white tips, with 3 repetitions using 100 seeds for each replication.
Treatment 2: Noninfected (nematode-free) seeds treated with hot water prior to treatment (control) were used in the experiment (Tülek and Çobanoğlu, 2011a ) and average grain number (number panicle -1 ) were determined by collecting 10 panicles from the rows of each cultivar at harvesting. Sterile grains were separated using a 1.75-mm oblong sieve in all experiments.
The weight loss of the grains used for the calculation of yield loss was calculated as described below:
Decrease in panicle weight 1 (%): decrease in panicles' weight with white tip symptoms in the infected plot compared with panicles in the control plots.
Decrease in panicle weight 2 (%): decrease in panicles' weight without white tip symptoms in the infected plots compared with panicles in the control plots. The formulas used for the calculation of yield losses are as follows.
Yield loss 1: For plants with white tip symptoms, the yield loss was calculated by multiplying the average white tip ratio, which had been previously determined, with the plant ratio of the white tip symptoms, with an average weight decrease (%) (according to control) of the grains of the panicles with white tip symptoms in the infected blocks.
Yield loss 1 (%) = [average white tip ratio (%) × decrease in panicle weight 1 (%)] / 100
Yield loss 2: For plants not exhibiting white tip symptoms, the yield loss was calculated by multiplying the plant ratio without white tip symptoms, which was previously determined, by the average weight decrease (%) (according to control) of the grains of the panicles without white tip symptoms in the infected blocks.
Yield loss 2 (%) = [plant ratio without white tip symptoms (%) × decrease in panicle weight 2 (%)] / 100
Total yield loss (%) = yield loss 1 + yield loss 2 2.3. Determination of presence of hairiness on seeds In varietal reaction experiments, the relationship between the presence of hairiness on the hulls (lemma and palea) and the formation of white tip was assessed. The presence of hairiness in cultivars was evaluated in existing seeds using a binocular stereo microscope at 7.1× (Leica-MZ 16).
Determination of chlorophyll content
The indirect chlorophyll content or greenness of the leaves of the cultivars was determined with a Minolta SPAD 502 Chlorophyll Meter (Konica MINOLTA Sensing, Inc., Japan) (Loh et al., 2002) . Triplicate SPAD readings were collected from 1 young fully expanded flag leaf from 5 plants per cultivar. A total of 15 measurements were performed with 3 parts from the bottom, middle, and edge of flag leaves from 5 plants for each cultivar during blossoming, when the flag leaf had become mature. The relationship between the white tip symptoms and chlorophyll values was determined using correlation analysis.
Laboratory analysis
The Baermann funnel method was used to obtain nematodes from the white tips of rice both before sowing and after harvest (Hooper, 1986) . The seeds were separated from the hulls (lemma and palea). A. besseyi was localized inside the hulls and on the cargo by 97% and 3%, respectively (Tülek and Çobanoğlu, 2011b) . Therefore, only the hulls were used for analysis. The samples were stored in water in a conical flask for 48 h, and the bottom-sedimented nematodes were then placed in tubes in volumes of 20 mL. The nematodes in two 1-mL aliquots of water from each extract were counted in counting dishes using a binocular stereo microscope at 32× magnification, and the average of the 2 counts was calculated for 100 paddy seeds. After harvesting, 100 g of paddy rice was removed from each sample and used to determine the milled rice yield (%).
Statistical analyses
Statistical analyses were performed using the Jump 5.0.1 statistical program. The F-test and Duncan's comparison method were used at 1% and 5% error levels.
Results
The analysis of variance for white tip percentage among the rice cultivars revealed significant differences at the P < 0.01 level (Table 1) . Since Rinaldo Bersani in the infected plots had no panicles with white tip symptoms, and the number of panicles with white tip symptoms in the cultivars Asahi, Nira-43, Bluebonnet, and Aromatik-1 were either low or insufficient for nematode analysis, nematode analyses were done on seeds that were obtained from panicles with no white tip symptoms. According to the results of the analysis, while Nira and Bluebonnet cultivars had no A. besseyi, 1 A. besseyi 100 seeds -1 in Asahi and 5 A. besseyi 100 seeds -1
were determined in Aromatik-1 rice cultivars. However, there were 120 A. besseyi 100 seeds -1 in Rinaldo Bersani. In a previous experiment, an average of 741.6 A. besseyi was found in the panicles of the Halilbey rice cultivar with white tip symptoms obtained from a field, and an average of 10.9 A. besseyi was found in panicles without white tip symptoms (Tülek and Çobanoğlu, 2010) . Consequently, in this experiment, the nematode density of the plants without white tip symptoms was not determined.
The highest value of white tip ratio was obtained from the Neğiş cultivar with 85.1%. In the susceptible Halilbey cultivar, the white tip ratio was 69.5%. The lowest yield loss was from the Asahi cultivar with 7.8%, whereas the highest yield loss was from the Ribe cultivar with 52.1%. In the experiments with the Halilbey cultivar used as a susceptible control, 47.9% yield loss was obtained (Table 2) .
In infected plants, the highest decrease in grain number per panicle was in the Kargı cultivar with 54%, the Halilbey cultivar with 51%, and the Neğiş cultivar with 39%. The relationship between the decrease in total yield or in grain weight per panicle and white tip ratio was found statistically significant (r = 0.713) (Figure 2) . There was a statistically positive correlation (r = 0.82) between the percentage of decrease in grain number per panicle with white tip symptoms and the percentage of decrease in grain weight. There was also a statistically positive correlation (r = 0.71) between the percentage of decrease in grain number per panicle without white tip symptoms and the percentage of decrease in grain weight.
In infected plots, chlorophyll content in the cultivars was investigated. The average chlorophyll content was lowest in the Bluebonnet cultivar (32.2 SPAD) and highest in the Kızıltan cultivar (49.9 SPAD). The chlorophyll content, presence of hairiness, nematode density, and yield losses related to the cultivars are listed in Table 3 .
There was a decrease in both the grain number per panicle of 38.3% and in the panicle weight of 49.7% (P < 0.01) in the infected plot (signs of white tip present) (Table 4) .
According to hierarchic cluster analysis, the position of the cultivars was determined by using the average white tip ratio (%). The chlorophyll content (SPAD), nematode density (A. besseyi 100 seeds -1 ), and yield losses (%) were obtained from data of the varietal reaction studies. The cultivars with similar characteristics were grouped (Figure 3) . Similar homogeneous groups were identified mathematically using hierarchic cluster analysis. In the cluster analysis, when measured as a distance, the closest (according to similarity) cultivars were Sürek and Trakya (0.412), and the farthest cultivars were Sürek and Sarıçeltik (4.994). In the cluster analysis, the distance of closeness among cultivars was investigated using 35 cultivars and 4 variables related to these cultivars. As shown in Table 5 , the closest variables were detected (4.785) between the average white tip symptoms (%) and the values of yield loss.
In the infected plots, the Rinaldo Bersani, Asahi, Aromatik-1, Nira, and Bluebonnet cultivars were not included in the cluster analysis because there were no white tip symptoms or not enough for nematode analysis. The correlation values for the characteristics are provided in Table 6 .
Discussion
Traditional Italian cultivars such as Arboria, Baldo, Carnaroli, Vialone Nano, and Volano are more susceptible to nematodes, and these cultivars also have long, broad, and hairy grains. By contrast, nematode susceptibility was rarely detected in the Indica varieties, such as Gladio and Thaibonnet, which have long and hairless grains (Giudici et al., 2003) . In this study, cultivars with the highest white tip symptoms and yield loss, such as Neğiş, Kırkpınar, Ece, Ribe, and Halilbey, were found to have long-haired seeds, as well. Huang and Huang (1972) reported that an apicular "tunnel" of approximately 30 µm in diameter, circumscribed by the apiculi of lemma and palea, was the only natural opening to serve as a floral infection court, except during anthesis. Hairs on the glumes possibly retain moisture films on the surface and trigger entrance to the apicular opening. Nematodes are aquatic organisms in nature. In plants, they inhabit the water films around the plant tissue. Parasitic nematodes are biologically active when bathed in moisture films supplied by water in the tissues or body fluids of the host.
When the results were investigated in terms of chlorophyll content, a significant positive correlation (r = ). In preliminary studies, the decrease in yield and yield components occurred in both the panicles with white tip symptoms and the panicles without white tip symptoms. The yield loss was severe in the panicles with white tip symptoms. During harvest, to investigate the effect of the white tip nematode on the yield components, the nematode density was determined in the plants with white tip symptoms. In the Halilbey rice cultivar, the nematode density was 741.6 A. besseyi 100 seeds -1 , the decrease in grain weight per panicle was 60.66%, and the decrease in grain number per panicle was 46.1% (Tülek and Çobanoğlu, 2010) . In the Alikazemi cultivar, the nematode density was 650 A. besseyi 100 seeds -1 , the decrease in grain weight per panicle was 41.9%, and the decrease in grain number per panicle was 69.1% (Jamali et al., 2006) . In the Rajbowalia cultivar, the nematode density was 1031 A. besseyi 100 seeds -1 , the decrease in grain weight per panicle was 59.26%, and the decrease in grain number per panicle was 81.82% (Rahman and Siddique, 1989) . The results obtained in this study were in conformity with previous findings.
Among the cultivars that were used in the experiments, there was a decrease of 49.7% (34%-62%) in the panicle weight in plants with white tip symptoms in different nematode densities (75-658 A. besseyi 100 seed -1
). There was a decrease of 38.3% in fertile seed number.
Rice cultivars with high resistance or tolerance to A. besseyi are important for breeding purposes. Nematodes reproduce successfully on tolerant cultivars but do not seriously affect plant productivity. For example, relatively large nematode numbers (50 to 300 per plant) are observed for tolerant plants, although the seed weight is decreased by less than 15% compared to the control; however, in susceptible cultivars, a 30%-70% reduction was reported (Popova et al., 1980) Moreover, in this study, 245 A. besseyi caused a 52.1% decrease in the grain weight per panicle in the Ribe cultivar; however, 262 A. besseyi caused a 21.2% yield loss in the Serhat cultivar. Considering this fact, Serhat seems to be tolerant to the white tip nematode. Therefore, it is necessary to screen genetic materials rapidly and effectively in response to the rice white tip nematode under field conditions. In this study, the relationship between the white tip symptoms and yield losses in the cultivars was determined. The cultivars with fewer or no white tip symptoms could be used in breeding programs to develop resistant or tolerant varieties to white tip nematode.
Acknowledgment
This study was supported by the Scientific and Technological Research Council of Turkey (TÜBİTAK), both technically and financially (Project No. TOVAG-111O225). 
